lic health and economic significance ( Q2 Jenkins et al., 2005a; Budke 48 et al., 2006; Davidson et al., 2012; Hegglin and Deplazes, 2013) . 49 Despite advances in control strategies, clinical management and 50 vaccine development, the parasite continues to thrive in countries 51 throughout the world.
52
Hydatid disease, cystic and alveolar, is a typical cyclozoonosis 53 that can be perpetuated in nature in wild animal cycles without 54 impacting on public health but with human interference 55 (Thompson, 2013) , directly or accidentally, with spillover to 56 domestic cycles can lead to severe clinical disease and death. It is 57 also an important cause of economic losses to livestock industries, 58 particularly Echinococcus granulosus in sheep and cattle (Table 1) .
59
It is now well known that Echinococcus has a two-host life cycle 60 with a sexual stage in the intestine of a carnivore definitive host 61 and a unique, cystic larval stage in the tissues of non-carnivorous 62 mammals and omnivores (Thompson, 1995 existed during the late 19th and early 20th centuries (Gemmell, 73 1990 ). During the first half of the 20th century, there was a high 74 incidence of cystic hydatid disease in Australia, and to a lesser 75 extent alveolar hydatid disease, either contracted in Australia
76
(E. granulosus) or in migrants from endemic areas overseas 77 (E. granulosus and Echinococcus multilocularis) (Dew, 1935) . There on hydatid disease in Australia. This was enhanced by tributions in the literature (Dew, 1953) and at conferences to the 85 debate raging at the time on whether cystic and alveolar hydatid and animals (Dew, 1922 (Dew, , 1925 (Dew, , 1928 (Dew, , 1935 . He thus comple-93 mented much of Dévé's research undertaken in rodents (Dévé, 94 1919 (Dévé, 94 , 1946 and built on this. Dew demonstrated that an intact 95 laminated layer was a fundamental and unique component of the 96 'healthy' hydatid cyst and considered this layer to be of host origin, 97 and demonstrated that elements of the cyst wall (germinal layer) 98 could regenerate (Dew, 1935) . He realised that the cyst enclosed membrane (layer) in direct contact with host tissues (Dew, 105 1935), a fundamental feature of the infiltrating metastatic meta-106 cestode of E. multilocularis ( Fig. 1 ) subsequently described using 107 electron microscopy 60 years later and 108 see Section 2.4). Thus it was Harold Dew that led to Australia being and in animals, and it is our duty to contribute our share to future 114 advances in its study'' (Dew, 1935) .
115
The economic impact and public health significance of cystic culture (Smyth, 1946 (Smyth, , 1950 , he turned his attention to cus (see Smyth, 1990) (Smyth et al., 1966 and reviewed in Smyth and 132 Davies, 1974a; Howell and Smyth, 1995) and evolutionary biology (Smyth, 1969; Smyth et al., 1966), and 136 which have influenced research and theoretical understanding far 137 beyond parasitology (Thompson and Lymbery, 2013 Thompson et al. (1995) , Thompson and McManus (2002) , Jenkins et al. (2005a) , Thompson (2008) , and Carmena and Cardona (2014) . . Diagrams illustrating the structural differences between the metacestodes of (A) Echinococcus granulosus (a-d, stages in development of protoscoleces and brood capsule; e, daughter cyst) and (B) Echinococcus multilocularis (redrawn from Thompson, 1995 for example stem cells (Smyth, 1969 (Smyth, , 1987 nomic impacts and impediments to control (Gemmell, 1990 (Gemmell, 1990; Gemmell and Roberts, 1995 (Dévé, 1919) . These provided a 173 means to maintain the parasite virtually indefinitely in vivo by 174 serial passage (e.g., Thompson, 1976; Whitfield and Evans, 1983;  175 Kamiya et al., 1985 (Smyth and Davies, 1974a (reviewed in Smyth and Davies, 1974a; Howell and Smyth, 194 1995 (Smyth and Davies, 1975; Smyth, 1979; 197 (Smyth, 1982; Smyth and 208 Davies, 1974a; Thompson, 1988, 2012; Lymbery 209 et al., 1989; Howell and Smyth, 1995 (Esch and Smyth, 1976; Osuna-Carrillo and Mascaró-Lazcano, 214 1982), as well as Mesocestoides corti (Barrett et al., 1982;  215 Thompson et al., 1982 Echinococcus (Smyth, 1969 Thompson, 1995 and Parkinson et al., 2012) 262 but how they fit together in a control network has yet to be deter- (2014) (Howell and Smyth, 1995) . metacestode (Smyth, 1969; Gustafsson, 1976; Thompson et al., 290 1990; Thompson, 1995; Koziol et al., 2014) . The undifferentiated (Gustafsson, 1976; Galindo et al., 2003) . They have considerable 299 proliferative potential Mehlhorn et al., 1983;  300 Galindo et al., 2003; Martínez et al., 2005) , and are the only prolif-301 erating cells in Echinococcus (Koziol et al., 2014) . This is particularly neous morphogenesis (Smyth, 1969 (Smyth, 1964; Smyth et al., 1969; Thompson et al., 1979;  340 Thompson and Eckert, 1983; Fig. 2) . The rostellar gland releases 341 secretory material by a holocrine process into the interface 342 between parasite and host (Thompson et al., 1979 (Thompson et al., 1979; Herbaut et al., 1988 (Zhang et al., 2006; Petavy et al., 2008; Torgerson, 2009;  381 Kouguchi et al., 2013) . The studies by Petavy et al. (2008) infected immunosuppressed rodents (Kamiya and Sato, 1990a,b) 397 were regarded as an important breakthrough (Howell and Smyth, 398 1995; Thompson, 1995 become a model system for carbohydrate chemistry (Diaz et al., 406 2011a,b; Parkinson et al., 2012) . The laminated layer is a specia-407 lised extracellular matrix unique to Echinococcus (Fig. 1) , whose 408 synthesis is a major metabolic activity of the much thinner germi-409 nal layer (Diaz et al., 2011a; Lin et al., 2012; Parkinson et al., 2012) .
410
The origin of the laminated layer was controversial for some time, i.e. whether it is entirely of parasite origin or if there is a host con-412 tribution. Holcman and Heath (1997) (Parkinson et al., 2012) . The role of the laminated 418 layer would appear to be one of protection since cyst survival is 419 dependent upon its integrity (Gottstein et al., 2002) . Whether this 420 is purely physical or if there is selective permeability is not known. the same diphasic medium (Smyth and Davies, 1974b and horse origin and the coining of the term 'physiological strain 448 differences' (Smyth and Davies, 1974b; Smyth, 1982 Lymbery, 1990, 1996; Lymbery and Thompson, 453 2012).
454
In terms of Echinococcus, the observation of physiological differ- Echinococcus of horse origin (Williams and Sweatman, 1963 (Table 1) does not appear to be infective to humans (Thompson 469 and Lymbery, , 1991 Thompson et al., 1995; Thompson, 2008 (Gemmell, 1990) . Domestically, the parasite spread rapidly 529 through sheep and dog populations (Gemmell, 1990) Australia (Durie and Riek, 1952) , a situation that prevails today 583 (Jenkins and Morris, 2003 Section 3.7.1) into urban areas this is no longer the case. Barnes et al., 2007a Barnes et al., ,b, 2008 Barnes et al., , 2011 ) that may lead to 723 the death of the host (Johnson et al., 1998; Barnes et al., 2008) . 724 Why hydatid infection in macropods should be mainly confined 725 to the lungs is unclear, however, this is also seen with hydatid 726 infection in cervids (Schantz et al., 1995) . Hydatid-infected macro- granulosus Morris, 1991, 2003; Jenkins et al., 2008) .
741
These animals are the ''super spreaders'' of the population 742 , ensuring large numbers of eggs an elevated area of Western Australia 768 Jenkins and Macpherson, 2003) (Fig. 3) (Thompson et al., 1985; Obendorf et al., 1989; Jenkins and Craig, 780 1992; Reichel et al., 1994; Jenkins and Morris, 2003 tapeworms/fox. However, in one study (Reichel et al., 1994) (Schantz et al., 1993 Thompson, 1995 (Jenkins et al., 2000) . Surprisingly, taeniid eggs in faeces were also (2014) Harris and Revfeim, 1980; Lavikainen 974 et al., 2006) . Q6 975
